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® Hydraulic cylinder actuator. 

® This invention relates to an improved hydraulic actuator such as those used to reciprocate the valve pm in 
an injection molding system. A smail diameter hole is provided through the piston. This allows a limited flow of 
hydraulic fiuid from one side of the cylinder to the other, but yet enables the piston to the valve pin or other 
mechanism in the manner necessary. This small flow of hydraulic fluid provides for the escape of trapped air. 
relieves stagnation and excessive temperature buitd up in the fluid, and avoids the accumulation of sediment and 
corrosion. 
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HYDRAULIC CYLINDER ACTUATOR 

Tnis invention relates to hydraulic actuators, tor example those used to drive a valve pinto open and 
close a gate in injection molding for forming plastics, and more particularly to an improvement providing for 
the discharge of air and/or foreign matter contained in the hydraulic fluid in the actuators. 

In the past, nydraulic actuators are well known in the injection molding field tc drive the valve pinto 

5 open and close the gate leading to the cavity. Also known are systems wherein a continuous flow of 
hydraulic fluid is provided through the hydraulic cylinder for additional cooling. Examples are shown in the 
applicant's Canadian patent application serial number 520,804 entitled "Fluid Cooled Hydraulic Actuating 
Mechanism for Injection Moiding" filed October 17. 1986 and 521,950 entitled "Fhjid Cooled Hydraulic 
Actuating Mechanism for Single Cavity Injection Molding" filed October 31, 1986. 

7 0 In hydraulic cylinder actuators of this nature, since the displacement of the valve pin is extremely slight, 

the piston movement is also slight. In a hydraulic cylinder actuator, air remains within its interior at the time 
of piping connecting work, and it is difficult to extract this air in many cases. It is well known that such 
residual air is undesirable. Furthermore, if the movement of the piston is slight, the movement of the 
hydraulic fluid accompanying the piston movement is also slight, and the hydraulic fluid merely undergoes 

75 reciprocating flow within a narrow scope between the piping and the cylinder, whereby during operation 
over a long time period, the undesirable results are a rise in the fluid temperature, deterioration of the fluid 
due to a long period of stagnation, and/or the generation of sediments and corrosion occur. 

While various measures for solving these problems have been proposed before, none of them have 
been entirely satisfactory because of their complicated construction and high cost. 

20 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to at least partially overcome the problems of the 
25 prior art by providing a hydraulic actuator having a piston with a small diameter hole extending axially 
therethrough to provide for a small flow of hydraulic fluid therethrough. 

To this end, in one of its aspects, the invention provides a hydraulic actuator comprising a piston seated 
in a cylinder for reciprocal movement in the cylinder, and a piping system for supplying hydraulic fluid to 
the cylinder on one side of the piston and discharging hydraulic fluid from the cylinder on the opposite side 
3C of the piston, the improvement wherein a hole is provided extending axially through the piston, the hole 
having a cross sectional area that is considerably less than the working area of the piston. 

Further objects and advantages of the invention will appear from the following description, taken 
together with the accompanying drawings. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a piping drawing showing a hydraulic actuator according to a preferred embodiment of the 
invention; 

40 Figure 2 is a sectional view showing oniy the hydraulic cylinder and piston of Figure 1 ; 

Figure 3 is a sectional view of a prior art injection molding system to which the present invention be 
applied; 

Figure 4 is a plan view of the system, shown in Figure 3; and 
Figure 5 is a piping drawing showing a prior art hydraulic actuator. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Figs. 3 and 4 show an injection molding system for forming or casting plastics to which the principle of 
50 this inventive concept can be applied. In these figures, Mi designates a fixed or stationary mold, and M2 
designates a mobile or movable mold. With the mold in its closed state as shown, the movable mold M2 
forms molded article cavities 2 between it and the fixed mold Mi. The fixed mold M' is provided therewithin 
with known heated nozzles 3, and in close proximity thereto a hot manifold 4 is provided. Between the hot 
manifold 4 and the fixed mold Mi, an air thermal insulation space 5 is formed. Molten plastic melt injected 
frorr a molding machine nozzle 6 flows in the known manner through a resin flow passage 7 within the hot 
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manifold 4 and resin passages 8 wunin the heater nozzles 3 and is received m the molded article cavity 2 

to be molded. Upon ccmpletjon of mold ng. the movable moid M? is shifted downward in Fig. 3 to open the 
mold. 

In order to open and close gates 10 between the resin passages 8 of the heater nozzles 3 and the 
5 molded article cavities 2. Known valve pins 11 are provided. The driven end of each valve pin 11 ts fixed to 
a respective piston 13 to reciprocate within a respective hydraulic cylinder 12. and. when hyaraulic fluid is 
-'ed through hydraulic fluid line 14a to the back side (upper side in Fig. 3) of the piston 13 of the hydraulic 
cylinder 12. the valve pm 11 aavances, and its extreme eno closes the gate 10. Then, when hydraulic fluid 
!S supplied through hydraulic fluid line 14b to the front part of piston 13 of the hydraulic cylinder 12, the 

70 valve pin 11 retracts, and the gate 10 is opened. 

The two cylinders 12 are communicatively connected by hydraulic pressure passages 15a and 15b so 
as to synchronize the movements of the valve pins 1 1 . 

As shown in Fig. 5. in order to supply hydraulic fluid to either of the front and back side of the piston 13 
of each hydraulic cylinder 12, a fluid reservoir R, a pump P. a selector valve EV of electromagnetic type for 

75 selectively changing over pipeline paths, a relief valve RV. and other parts are provided. The cylinder 
spaces on opposite sides of the piston i3 are essentially separated or isolated. Furthermore, the volume of 
the fluid which flows through the fluid lines 14a or 14b for each stroke of the piston 13 is approximately 
equal to the volume of the space on one side of the cylinder. 

The above described organization of parts is known. The stroke of the piston 13 sliding within the 

20 hydraulic cylinder 12 is very short, being less than 10mm. The reason for this is that only a small 
movement of the valve pin 11 is sufficient to open and ciose the gate, and, moreover, each cylinder within 
the mold must be compact. On the other hand, the hydraulic fluid lines are generally of small diameter. A 
hydraulic cylinder actuator m which the piston stroke is short relative to the volume of the piping system, as 
in this example, has been accompanied by the following problems. 

25 First, during the work of connecting the piping of a hydraulic cylinder actuator, air remains in the interior 

thereof and cannot be easily extracted in many cases, and this residual air has a detrimental effect on the 
operation of the actuator. However, because the stroke of the piston is small in comparison with the volume 
of the piping system, there is not a large flow of hydraulic fluid, and the residual air merely reciprocates 
within a narrow range and is not removed. Furthermore, because the flow of hyaraulic fluid is sm.all. the 

30 hydraulic fluid is confined within a narrow range between the piping and the cylinder and never returns to 
the source of hydraulic pressure. As a result, the temperature of the fluid around the hot valve pin 11 rises 
after a long period of operation. Furthermore, after a long period of stagnation the fluid deteriorates and 
gives rise to the formation of sediment and corrosion, which remain permanently and impair the operation of 
the actuator. 

35 In one method which has previously been proposed for avoiding this difficulty, the two chambers on 

opposite sides of each hydraulic cylinder 12 are connected to the fluid reservoir R respectively via fluid 
piping 17a and 17b respectively having fluid flow regulating valves 16a and 16b as shown in Figs. 3, 4 and 
5. By this method, since the hydraulic fiuic is supplied from the hydraulic pressure source and circulated, 
there is no stagnation thereof in the cylinder 12 or the piping and thus it is possible to prevent the 

40 atoredescribed trouble. Furthermore, by aojusting the fluid flow regulating valves 16a and 16b, the forces 
applied to tne piston 13 can be regulated. In the practice of this methoc. however, additional equipment 
such as branch pipes, regulating valves, and return path hose become necessary as well as the expense for 
the installation thereof, all of which increase the cost. 

The present invention prevents the occjrrence of fluid stagnation without entailing the above descr:bed 

45 proolem oy forming through the piston 13 of the hydraulic cylinder 12 a sma.l hole 18, as shown in Figs. 1 
anc 2. of a cross-sectional area which is considerably smaller than the working surface area of the piston 
13. The small hole 18 can be formed with a cross section of circular shape or any other shape, and the 
cross-section of circular shape or any other shape, and the cross-section dimension corresponding to the 
diameter is preferably between approximately 0.8mm and 2mm. for example. 

50 By forming this nar-ow hole 18 through the piston 13 in this manner, when hydraulic fluid is supplied to 

one of the cvlindor soaccs or chambers, the ^luid within this chamber ^lows. together with air hole 18 and 
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considerable delay and reduction in the driving force of the piston. Practically, a dimenston corresponding 
to a diameter of the narrow hole oi 2mnn or leiis, and a flow rale of 0.02 lo 1 lilre/min through the hole in the 
case of a fluid pressure difference of 10 to 140 kg'cm- are suitable. 

In the design of these quantities, the appropriate diameter of the narrow hole is determined in 
accordance with the delivery capacity of the hydraulic fluid pressure source, the cylinder piston displace- 
ment, the volume of the piping up to the fluid tank, and other factors. 

In order to cause the fluid to be returned to the fluid reservoir by the stroke of the pistons, it is desirable 
that the following relationship be sustained. 
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It will be apparent that the above described principle of this invention is equally applicable to cylinder 
piston actuators in which vanous kinds of respective hydraulic fluids are used. 

20 As described above, in this invention, by providing the piston of a hydraulic cylinder actuator with a 

small hole which is much smaller in comparison with the working area of the piston, a circuit for circulating 
the actuating oil a small amount at a time can be created without greatly reducing the actuating force of the 
piston. Thus, extracting or venting of air is made possible with a simple construction: excessive increases in 
fluid temperature and/or stagnation of the fluid is prevented and accumulation of sediments and/or 

25 deterioration of the fluid can be prevented. 



Claims 



1. In a hydraulic actuator comprising a piston seated in a cylinder for reciprocal movement in the 
cylinder, and a piping system for supplying hydraulic fluid to the cylinder on one side of the piston and di- 
scharging hydraulic fluid from the cylinder on the opposite side of the piston, the improvement wherein a 
hole is provided extending axially through the piston, the hole having a cross sectional area that is 
considerably less than the working area of the piston. 

2. An actuator as claimed in claim 1 wherein the diameter of the hole through the piston is between 
approximately G.8mm and 2mm. 
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FIG.1. 




FIG. 4. 
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® Hydraulic cylinder actuator. 



@ This invention relates to an improved hydraulic 
actuator such as those used to reciprocate the valve 
pin in an injection molding system. A small dianneter 
hole (18) is provided through the piston (13). This 
allows a limited flow of hydraulic fluid from one side 
of the cylinder (12) to the other, but yet enables the 
piston to control the valve pin or other mechanism in 
the manner necessary. This small flow of hydraulic 
fluid provides for the escape of trapped air, relieves 
stagnation and excessive temperature build up in the 
fluid, and avoids the accumulation of sediment and 
corrosion. 
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